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INTRODUCTION AND REVIEW OF THE LITERATURE 
Carbon disulfide (CS2) is one of the oldest grain fumi- 
gants. A serious limitation to its use is its extreme flam- 
mabilitY. This oroperty becomes increasingly important when 
it is realized that CS2 vapors are explosive over a very wide 
range. A concentration of CS2 in air varying from one to 
fifty percent will explode when subjected to a source of 
ignition. (Underwriters Laboratories' Inc., 1943). This 
fact renders CS2 very hazardous as a grain fumigant. In an 
early paper, Neifert et al, 1925, mentioned that a mixture 
of 75 percent carbontetrachloride (CC14) and 25 percent CS2 
(by volume) is highly flammable. At present, a formulation 
containing 80 percent CC14 and 20 percent CS2 (by volume) 
with a fractional percentage of an additive to increase its 
flash point, is found to be relatively safe. 
Some appraisal of the relative hazard of various grain 
fumigants was desired. The Underwriters Laboratories Inc. 
modified their procedures used to classify hazards of flammable 
liquids in order to enable them to classify grain fumigants. 
This procedure is given in Appendix I. 
The explosive flammability) of the fumigant is tested as 
a part of the overall test procedure. In the opinion of the 
personnel at Kansas State University, a detailed study of this 
1. Explosive flammability is defined as flame progation 
with pressure effects when a fumigant vapor is iLnited. 
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test would afford a practical approach to a study of the flamma- 
bility of liquid grain fumigants. Therefore, a research program 
was developed which would permit an investigation of this phase 
of the testing procedures. 
An extensive study of the explosion test procedure used 
by the Underwriters Laboratories' Inc. revealed a list of 
possible factors which could effect the results of this test. 
A list of these factors which are studied in this paper are 
given below. 
I. Characteristics of the explosion apparatus, 
A. Type of apparatus used, AC versus DC. 
B. The voltage of the spark. 
C. The capacitance of the circuit. 
D. The width of vie spark gap. 
II. Environment, Technicue and Procedure. 
A. Laboratory temperature. 
B. Sample temperature 
C. Bath temperature 
D. Sample size 
E. Stirring time 
F. Method of Sample introduction 
After compiling this list, a research program and experi- 
mental apparatus was developed wLioh would permit investigations 
of the effect of each of these factors upon the explosive 
flammability of grain fumigants. 
The apparatus currently being used to test the explosive 
flammability of grain fumigants lacked the flexibility and 
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controls which were necessary to conduct this investigation. 
Because of this fact, it was necessary to design an apparatus 
which could permit control of most of these factors so that 
each one could be studied separately. The apparatus was 
constructed in such a way as to afford the operator maximum 
safety along with the necessary controls. 
This paper demonstrates how this apparatus and test pro- 
cedure can be used to control and study the factors which effect 
the explosive flammability of liquid grain fumigants, 
A search of the literature revealed no published work in 
the field of the explosive flammability of grain fumigant A. 
MATERIALS AND METHODS 
Chemicals 
Chemicals Used. 
1. Chloroform (CHC13). 
2. Carbon Tetrachloride (CC14). 
3. Carbon Disulfide (C62). 
Formulation. All of the fumigants used in these experi- 
ml 
ments were formulated in our laboratory. Five hundred,samples 
were prepared in a graduated cylinder and transferred to one 
quart, brown class bottles fitted with screw caps. Bakalite 
caps with cork and tin metal foil liners were used to seal the 
bottles. This size sample gave sufficient uniformity of results 
and was easily formulated and stored. This volume was adequate 
to provide enough fumigant for ten tests. This minimized the 
alteration of the formulation due to evaporation since the 
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bottle was opened only ten times. In most instances, the 
samples were tested the same day they were formulated. If it 
was necessary to store samples for future tests, they were 
stored under refrigeration at about fifty degrees Fahrenheit. 
Laboratory 
Ilocation, A special laboratory was constructed for this 
project in order to afford both the operator and bystanders a 
maximum degree of safety. It was constructed in a trailer 
house, eight feet wide and twenty seven feet long, located on 
the grounds of the college apiary where few people would be 
exposed to the potential hazards of these tests. There were 
three potential hazards in conducting these experiments. First, 
the fumigants which were being tested or formulated were toxic 
to man, both acutely and chronically. Second, the high voltage 
used as a source of ignition was vegrdangerou0.1 Third, when 
a material like chloroform or carbon tetrachloride was burned, 
one of the products formed was phosgene gas. 
Floor Plan. A floor plan of the trailer showing the loca- 
tion of the fume hoods, control section, and other facilities 
is given in Plate I. 
Control Section, A picture of the control section is 
given in Plate II. This section enclosed all the electrical 
1. In a communication from General Electric it was pointed 
out that with the DC circuit used, the amperage at the 
electrode gap.at the time of discharge could reach 
1,000 amperes, 
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EXIIANATION OF ELATE I 
Floor plan of trailer laboratory. 
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PLATE I 
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Constant Temperature 
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Refrigerator 
Table 
Table 
EXPLANATION CF _'LATE II 
CoJlete control panel showing electrical panel 
below and aeration control valves above 
8 
PLATE II 
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equipment and aeration system equipment. The electrical system 
was housed in the lower section of the panel and underneath the 
table. The aeration system was installed in the two sections 
above the electrical system. 
Fume Hoods. Two fume hoods were constructed. One of these 
enclosed a refrigerated water bath which was used in the low 
temperature tests. The other was set up to conduct room temper- 
ature tests and to provide an area to prepare formulations. 
Each hood was fitted with a lattice work of rods to which the 
explosion vessels and stirring motors could be fastened. The 
hoods were lighted with fluorescent lights which were control- 
lable from the instrument panel. The hoods were painted flat 
black to enable the observer to see the spark and flame in the 
flask more clearly. A kitchen exhaust with a 600 CF4 capacity 
was used in the warm hood. The hoods were separated by a 
sliding panel .which allowed the fans to evacuate both hoods. 
The hood doors were covered with clear plastic enabling the 
operator to observe the explosion vessel and afforded protection. 
from possible flying glass. These hoods are pictured in Plate 
III and IV. 
Constant Temperature Cabinet. The standard test procedure 
which was developed called for all fumigant samples to be at a 
temperature of 75 degrees Fahrenheit. To facilitate this 
procedure, a constant temperature cabinet was constructed from a 
closet in the trailer. The temperature was regulated by circu- 
lating water at (5 decrees Fahrenheit through a coil of 3/8 
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Ta?LANATION OF PLATT III 
The cold hood showiN7 the armnoement of 
the explosion vessel with r.11 r.ttnchments. 
The top of the bath is insulated with one 
inch styrefoam. 
3.1 
PLATE III 
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PLANATION OF 'Li TE IV 
The warm hood showing the arrangement of 
the explosion vessel with all attachments. 
The motor and relay box on the ricrht are 
part of the system used to reculate the 
temperature of the explosion vessel and 
the constant temperature cabinet. 
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inch copper tubing which lined the walls of the closet. A 
thermostatically controlled water reservoir equipped with a 
circulating pump provided the sourc of 75 degree water. This 
same tank also served the water bath of the room temperature 
hood by circulating water through a coil immersed in the bath. 
Electrical Apparatus 
General. The explosion apparatus consisted of the follow- 
ing: 1. An explosion vessel which was fitted with a pair of 
adjustable electrodes, a stirring assembly, and an aeration tube. 
2. A source of ignition from a high voltage AC or DC spark. 
3. A control panel. 
Explosion Vessel. The explosion vessel was a two piece, 
two liter Pyrex reaction vessel. The bottom section was cylin- 
drical. The top section was provided with four joints, three 
29/42 and one 10/30. The electrodes were fitted through the 
29/42 joints.on the sides of this top section. The stirring 
assembly was fitted through the 29/42 joint in the center. 
The flask aeration tube was fitted through the 10/30 joint on 
the side of the flask. A picture of the assembled flask and top 
asseubly is shown in Plate V. 
The center well waL. fitted with a cork stopper. This cork 
served two purrmscs. It supported the stirring shaft and 
acted as a pressure release and indicator during an exploLion. 
The stirring shaft was a 3/16th inch steel rod approximately 18 
inches long. A polyethylene paddle 1 1/2 x 2 1/2 inches was 
attached to the rod. The edges of the paddle were bent to form 
15 
10CPLANATION OF PLATE V 
Fig. 1. The completely assembled explosion vessel. 
Fig. 2. Top of explosion vessel showing electrodes 
and adjusting meohanism, aeration tube, 
and stirring assembly 
PLATE V 
Fig. 1 
16 
17 
a propeller like device, thus affording rapid distribution of 
the air in the closed flask. The stirring shaft ran through a 
inch brass bushing which was inserted through the cork. This 
relatively long bushing prevented excessive wobbling of the 
long stirring shaft, and therefore allowed the use of a small, 
1/1000th horser)ower electric motor to power it. This bushing 
also flde it easy to align the stirring shaft between the 
electrodes, 
The electrodes were made from 1/4th inch copper rod and 
were inserted through teflon plugs which were machined to fit 
the side joints. The ends of the electrodes were about two 
inches above the bottom of the flask. Teflon stoppers were 
used because of their chemical inertness and machinability. 
Modified brass T's were fitted to the bottoms of the 
electrodes. The shank of the T was soldered to the electrode, 
and the top of the T was threaded to permit short electrode 
tips to be screwed into position. One arm of the T was cut 
off to prevent the electrodes from touching the flask. This 
feature aided in the alignment of the electrode tis and 
permitted intere1langing or replacement of the tips. 
The electrode tips were designed to keep their rounded 
faces always opposite each other even when the moveable elec- 
trode was rotated to provide a ouarter inch gap. This feature 
is illustrated in figure 1 of Plate VI. 
One of the electrodes was securely fastened to the teflon 
stopper. The other was allowed to rotate within its sup2orting 
stopper permitting adjustment of the electrode gap. The device 
18 
EXPLANATION OF PLATE VI 
Fig. 1. Close up of the tips of the electrode assembly. Shown 
in the figure are the specially curved electrode tips, 
the end of the aeration tube, and the stirring paddle. 
Fig. 2. A tdp view of the explosion vessel and electrode 
adjusting mechanism. 
Fig. 3. A front view close up of the electrode adjusting 
mechanism. 
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PLATE VI 
Fig, 1 
Fig. 2 
Fig. 3 
used to rotate this electrode through a short arc is shown in 
figures 2 and 3 of plate VI. It consisted of a plexiglass 
lever attached to the electrode rod by small bolts. The 
nosition of this lever could be controlled by two opposed 
adjusting screws. Because of the excellent insulating properties 
of plexiglass this mechanism allowed the electrode gap to be 
adjusted while the electrodes were connected to a high voltage 
source. This permitted an accurate setting of the spark gap 
based on breakdown voltage. 
The top of each electrode was fitted with a block of copper, 
drilled to permit insertion of the electrode lead, which was 
secured by a set screw. 
A 1/4 inch copper tube was fitted through a small cork 
stopper in the 10/30 joint. The end section of this tube was 
curved to follow the contour of the flask with the end of the 
tube beveled so that it would fit nearly flush against the 
bottom of the flask. This tube was connected to the pressure 
vacuum system, which will be presented in detail later. 
The resistLnce of this apparatus to explosive forces was 
inadvertently demonstrated in the following manner. A 50 ml 
sample of CS2 instead of a less explosive mixture was accidently 
introduced into the test flask. After 30 seconds stirring the 
sample was sparked. The vapors detonated with excessive 
pressures, extremely sharp mole, and an unusually large volume 
of combustion products. These extreme forces did not rupture 
or even crack the explosion vessel. 
21 
High Voltage, The apparatus was designed to permit either 
AC or DC high voltage sparks to be used as the source of ignition. 
The circuits used to generate these sparks are diagrammed in 
Plate VII alone with the specifications of the equipment used. 
The AC circuit was identical to the one used by the UL. The DC 
circl2it was similar to the one used by Swett (1949) and Laffitte 
(1953). 
The AC circuit consisted of a transformer rated 115 volt 
AC for the primary and 23 m. amp. 10,000 volts for the secondary. 
A .01 microfarad (MFd) capacitor was placed in parallel circuit 
across the secondary, causing an interinittant discharge. A 
variable transformer (powerstat) was placed in the primary of 
the high voltage transformer to regulate the input voltage. 
The input voltage was indicated on a volt meter. The 
secondary of the high voltage transformer was attached to the 
electrodes of the explosion vessel. A push button switch was 
placed in the circuit before the variable transformer which, 
when depressed momentarily, would cause a spark-like discharge 
at the electrode gap. 
The spark producing system of the DC apparatus consisted 
of a condenser that could be charged and discharged across the 
spark gap in the explosion vessel. A transformer with a primary 
of 115 volts AC and a secondary of about 12,500 volts was the 
source of high voltage. The secondary of this transformer was 
rectified and switched into a capacitor panel where various 
capacitance could be inserted in parallel in the line. The 
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EXPLANATION OF PLATE VII 
Schematic diagram of the high voltage circuit. 
L- 1,4,5 Pilot lights; L-2,3 Warning lights on hoods. 
3-1 High master, dpet. 
5-2 Selector switch, dpdt center off. 
2-3 AC discharge, spat push button. 
S-4 DC capacitor charge, modified spat knife switch. 
5-5 DC capacitor discharge, modified spat knife switch. 
T-1 Power-statL variable transformer, 0-140v, 3A. 
T-2 High voltage, 115 to 10,000 V, 23 ma. Jefferson Electric. 
T-3 High voltage, 115 to 15,000 V, 30 ma. Jefferson Electric. 
T-4 Filament transformer, DC operating 12 KV, Peak 35 KV, 
Prim. 5v, 10A. 
V-1 Powerstat output, 0-150V AC. 
V-2 15 KV DC with external resistance, 1,000 ohms/volt, 1 ma. 
Roller-Smith. 
H Voltage multiplier, 15 megaohms. 
CB Circuit breaker, 3A. Heinemann #AM 12M 63-3-10, Through 
Herbach and Rademan. 
Rt Rectifier, Kentron tube, 371B, VT 166, 
C-I Plug in capacitors, .01 NFd and less. Chicago Condenser 
Corp. and Aerovox Corp* 
C-2 Plug in eapacitoral, .1, and .2 MFd, Gugeman, and 
Aerovox Corp. Through Herbach and Rademan. 
J-1 & J-2 Three tip jacks, for tip plugs on capacitor hot leads. 
J-3 AC high voltage outlet, tip jack for tip plugs on electrode 
leads. 
J-4 & J-5 High voltage ground tip jack for electrode leads. 
J..6 DC high voltage outlet, tip jack for top plugs of electrode 
leads. 
PLATE VII 
5 - 3 T -2 
0 0 0 
rr2127 
115 V 
AC 
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charge on the capacitor was read on a voltmeter. This meter 
was supplied with sufficient external resistance to permit 
direct readings in thousands of volts. Two specially insulated 
knife switches were used in the circuit. One was used between 
the capacitor and the voltmeter in order to prevent the charged 
capacitor from discharging to ground through the meter. The 
other switch was placed between the capacitor and the electrode 
lead which connected to the explosion vessel. This switch, 
when closed, released the charge of the capacitor across the 
electrode gap in the explosion vessel, 
Control Panel, All of the controls necessary to operate 
and regulate these high voltage circuits plus the controls of 
various accessory devices were located on a 1/4 inch plexiglass 
eheot. A photograph of this control panel and a sketch iden- 
tifying the controls appears in Plate VIII. The panel controls 
fall into two categories, The first includes all the controls 
used to produce and control the high voltage spark. The second 
includes all the accessory controls necessary to conduct a test. 
Each section will be discussed separately by describing its 
parts and their functions, Each section of the panel was served 
by a separate line in order to divide the load and stabilize 
the voltage. 
The high voltage controls will be presented first. The 
line circuit fed into a master switch which controlled all the 
items on that section. This switch also controlled three 
pilot lights. One was on the panel and the other two were 
placed over each hood in order to warn the operator that the 
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EXPLANATION OF PLATE VIII 
Fig. 1. Electrical control panel. 
Fig. 2. bketch of control panel identifying its components. 
5-1 Auxiliary master V-1 Line voltage 
3-2 Hood blowers V-2 Powerstat output 
S-3 Pressure-vacuum pump Vm3 DC Kilovolts 
3-4 Rectifier heater 0 115 v, AC outlets, 
controlled by time switch 
8-5 Timer, Switch, stirrer 
T Powerstat 
5-6 Timer, Switch, stirrer 
L lights 
5-7 High voltage master 
.74.1 DC secondary output 
S-8 AC DC selector 
J-2 AC secondary output 
8-9 AC discharge 
J-3 Flask electrode, ground 
5-10 DC capacitor charge 
S-11 DC capacitor discharge 
CB Powerstat breaker 
J.41 
10.2 
Ground to clear cap 
Leads to explosion vessel 
Lead to ground capacitors 
26 
PLATE VII! 
Fig. 1. 
F. 2 
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circuit was on and could be dangerous. The circuit went from 
this switch to a powerstat which controlled the input voltage 
to the high voltage-transformers, and thus controlled their 
output voltage. The powerstat was protected by a three ampere 
circuit breaker placed on its output side. The output of the 
powerstat lead to a double pole double throw center off switch 
which served as a selector switch. One )osition of the switch 
activated the AC circuit, the other the DC circuit. Each of 
the on positions controlled a pilot light which identified the 
high voltage circuit being used. 
The leads from the AC side of this switch are attached to 
a push button switch before being attached to the primary of 
the AC high voltage transformer. When this switch was pushed 
momentarily the high voltage transformer became activated 
causing a spark to pass across the electrode gap. The secondary 
of the high voltage transformer was connected to the capacitor 
panel. The function of this panel will be discussed later. 
The hot lead from the capacitor panel was connected to a special- 
ly insulated jack on the control panel. If AC was to be used 
in a test, the lead which was attached to the explosion vessel 
in either the room temperature hood or the cold hood, was 
plugged into this jack. 
The leads from the DC side of the selector switch were 
attached directly to the primary terminals of the DC high voltage 
transformer. The output of this transformer was then rectified. 
The switch which controlled the filament transformer for the 
rectified. The switch which controlled the filament transformer 
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for the rectifier tube was located in the controls on the low 
voltage side of the control panel. A voltmeter was attached 
at this point.to indicate the output of the transformer and the 
charge'on the capacitor. Two knife switches were controlled on 
the panel. One appeared between the capacitor panel and the 
voltmeter. When this switch was closed the capacitor in the 
circuit could be charged, and when it was opened the charge on 
the capacitors would not ground out through the voltmeter. The 
second knife switch was on the output side, of the DC section of 
the capacitor panel. This knife switch when closed released 
the capacitor charge across the electrode gap, The knife 
switches were mounted behind' the control panel and were control- 
led by a half inch polystyrine rod which were bolted to the 
knife blade and protrudes through a slit in the °antra panel. 
The hot lead from this second switch was attached to a 
jack identical to that used in the AC side. 
The accessory controls consisted of a series of six switches 
and .a voltmeter, Each switch was equipped with a pilot light. 
The first was on the incoming line circuit which fed all the 
accessory controls, A voltmeter was placed just beyond this 
switch to permit a continual check of the line voltage. The 
second switch controlled the hood blowers. The third switch 
controlled the pressure-vacuum pump which aerated the explosion 
vessel. The fourth switch supplied the filament transformer 
for the rectifier tube in the DC circuit. The fifth and sixth 
are switching timers used to control the electric stirring 
motors of the explosion vessel. 
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Capacitor Panel. The capacitor panel consisted of a series 
of six different capacitors which could attach in parallel 
across either the AC or DC circuits. The capacitors used were: 
0,2-147d, 0.1 /Mt 0.1 Mid, 0.01 Mme, 0.01 Hid, and a variable 
capacitor consisting of a board on which various small capac- 
itors could be added, Plate IX shows the capacitors and the 
board where they were plugged into the circuits. To the hot 
terminal of each capacitor, a lead was attached. A plug was 
attached to the other end of this lead, When this plug was 
inserted in the proper jack in either the AC or DC circuit, 
this capacitor was in parallel in the line. Three plugs were 
provided in each circuit, The 0,1 and 0,2 Mid capacitors 
were used in the DEC circuit And the one hundredth and smaller 
were AC circuit,, 
Flask Aeration !System 
The type of explosion vessel used made it necessary to 
devise a method of removing the unevaporated liquid from the 
vessel after a test and to purge the flask with dry air before 
the next test. A system of three threeway valves used .in 
conjunction with a pressureftvacuum pump, a liquid trap, a 
scrubber, a dryer, and manifold was designed to permit the 
use of the single tube in the explosion vessel for both 
vacuum and pressure, The section of the control panel which 
contained these controls is shown in Plate II. A line diagram 
of the air system, and pictures of the trap, scrubber and 
are Eiven in Plate X and XI respectively. The pump was a 
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EXPLANATION OF PLATE IX 
Fig. 1. Capacitor panel partially removed from apparatus. 
The plastic plate in center contains jacks and 
plugs used is place capacitance in the circuits. 
The plate containing the two terminal stripe 
is time capacitor boa td to which small capacitors 
can be attached, 
Fig, 2. Capacitor panel, top view, showing large, oil 
filled, high voltage capacitors. 
33. 
PLATE IX 
Fig. 1 
EXPLANATION OF PLATE X 
Flow plan of aeration system. V-1, V-2, and V-3 are 
three way valves. V-4 through 8 are single valves 
which control the flask being aired. 
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EXPLANATION or PLATE XI 
Fig. 1. View 'or top section of control panes with cover 
removed, revealing drier, top tube; scrubber, 
bottom tube; and the air lines leading from 
the four manifold valves, 
Fig. 2. Side view of air system components showing the 
liquid trap with its gauge and drain valve, 
(lower right corner), 
'5 
PLATE XI 
Fig. 1 
Fir 2 
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Fisher Scientific Pressure vacuum pump with a capacity of 1w3 
CFlit free air and 27 in. mercury* The operation procedure of 
this device is described under Detailed Procedures Section 3. 
With this flask aeration system a 50 oc sample could be 
removed from the flask and the flask aired sufficiently to 
permit a new sample to be introduced within three minutes, 
This cleared the flask so that there was no apparent inter- 
fering vapor residue from previous tests. The waste fumigant 
in the trap was drained outside the Laboratory at the end of 
each day, IndioatingDrierite was used in the drying tube and 
was 'changed as neeessary. The vapor scrubber used to protect 
the vacuum pump was filled with activated charcoal and changed 
when necessary. 
PROCOURE 
General Test Procedure 
The test procedure used by the 11014,, is presented in 
Appendix I* This procedure is very long and time consuming; 
therefore a much more abbreviated procedure was used to conduct 
these experiments. A detailed step by step procedure for 
setting up and conducting an experiment is given under Detailed 
Procedure. The general steps in conducting a teat on a fumigant 
containing CS2 will be presented in this section, 
First the evipmentitallassembled and adjusted* The 
explosion vessel-was immersed in a constant temperature bath 
filled with water and ethylene glycol, The temperature of 
this bath usually 32 7. It was importmist that the temperature 
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of the explosion vessel be adjusted to a constant value before 
a test is run 
The parameters of the test to be conducted are recorded 
on a data card befere the test is conducted., This is explained 
in Plate Xlisi 
The electrical parameters are usually the followings 
DC, Spark-o31 111,, capacitor - 0.2 Md gap breakdown - 7 IT.1 
These conditions are kept constant for all tests except those 
where the effect of AC versus DC sparks, voltage, capacitance, 
and electrode gap are studied, 
A 50 cc sample of the fumigant to be tested is measured 
into a 50 cc syringe fitted with a 15 gauge needle. The sample 
is intretaced into the explosion vessel by lifting the center 
- 1 
cork stopper and spraying it rapidly down the side of the 
flask. Immediately after the sample is introduced, the stirrer 
is started and the time noted. The hoods are closed, and the 
hood lights turned off. The capacitor is charged. After 30 
seconds the stirrer is stopped, and the capacitor charge is 
released across the spark gap. At this instant the operator 
watches for a flame traveling rapidly up through the flask and 
listens for the pop of the center cork caused'by the pressure 
build up due to an explosion* In some cases just a slow moving 
flame is observed without pressure. If no flame or flame 
propagation with pressure effect is observed, the operator 
1. Break-down voltage is the minimum voltage which will 
jump a given electrode gap with dry air in the flask* 
EXPLANATION OF PLATE XII 
Explanation of data cards and table notation. 
KZU-464 This is the fumigant identification number. 
A. The date and also the time is recorded here. 
B. The temperature in the laboratory. 
C. Records the relative humidity inside/outside. 
D. The volume of sample introduced into the explosion flask. 
E. The temperature of sample at the time of introduction. 
F. The length of time the air -gas mixture above the liquid is stirred. 
O. The temperature of the water bath in which the explosion flask is 
immersed. 
H. The type of electrical spark-used to ignite the gas-air vapor. 
I. With DC the entry indicates the number of kilo -volts in the spark 
discharge. With AC the entry indicates the voltage introduced into 
the primary of the high voltage transformer. 
J. The amount of capacitance in MFdis in the circuit. 
K. The length of the spark gap 7KV. This indicates the air gap 
between the electrodes broke down and allowed a spark to jump 
at 7000 volts. For AC gap distance is * inch. 
L. & M. Fl stands for a visable flame. Pr stands for pressure effect. 
A ( ) sign indicates a positive reaction, A (-) sign no reaction. 
N. Used for other notes, like whether the air in the flask was dry, and 
to note how the sample was introduced. 
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resparks the vapor* After 5 sparks there is little chance of 
igniting the vapor with continued sparking* 
After the flask is sparked, the unvaporized liquid in the 
flask is removed and the flask is aired 2 minutes to remove 
vapors and combustion products, 
The flask is then ready for another test run* After 10 
to 15 explosions the breakodovn voltage is rechecked* When 
this is no longer constant, it is necessary to remove the 
electrode assembly and clean it. 
Detailed Test Procedure 
The following is a step by step outline of the test 
procedure used with this apparatus* This procedure is set up 
one the control panel the other at the 
fume hoods. Sections 1-6 cover the steps used by the control 
panel operator, and sectione 7.40 cover the steps used by the 
hood operator. 
Section lt 
1. Turn on auxilary master switoh, 8-1. (See Plate VIII) 
2. Turn on hood switch, 2. 
3. Switch on rectifier heater, 3-4. 
4. Check line voltage, /L-1. 
5. check pressure*Itatuum system, S-3. 
section 2, High voltage direct current test sequence& 
1. Open capacitor discharge switch, 6-11* 
2. Ground capacitors, (See section 6).. 
3. Place proper capacitor in circuit. 
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4. Plug hood electrode leads (1,-.1) into output 
jacks, J-1 & 3. 
5. Move selector switch to d.c., 5.08. 
6. Close capacitor cbarEe switch, *apt, 
7. Turn powerstat411 to zero or leave at preselected 
position. 
8. Clear hoods, except when setting electrode gap 
breakdown. (ee section 5). 
9. Start timer switch (S0.5 or 6) for stirrer when 
directed by hood Op4C04,0r, and note time. (TEE 
EXeLObION IF ANY ILL OCCUR IN 30 BECONDS)., 
10. Turn on high voltage neater switch, 8.7. 
11. Adjust ROM, stat until XI meter (V6.,) indicates 
desired voltage* 
12. When proper stirring time has elapsed turn off 
stirrer. 
13. When stirrer stops, open caoacitor charce switch 
and rapidly close capacitor discharge switch, 
while observing explosion vessel for spark or 
explosion*. If no explosion or flame occurs spark 
the vapors again. Open capacitor discharge switch 
and close capacitor charge switch. As soon as the 
high voltage meter indicates the proper voltage, 
repeat step 13. After five sparks with no explo 
aion or flame, continue stirring or clean flask. 
Section). Steps to evacuate and purge explosion vessel. 
1. Open capacitor dischare switch. 
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2. Turn off high voltage master switch. 
3. Open valve in L7nifold to proper flask. (See 
Plate X) 
4. Turn valves 1, 2, and 3 to vacuum position. 
5. Turn on pressure-vacuum pump switch. 
6. After all the liquid has been evacuated, turn valves 
1, 2, 3, to pressure position and air for prescribed 
time. 
7. During the pressure cycle, more efficient aeration 
will be obtained if the aeration tube in the 
explosion vessel is lifted slightly to raise its 
tip off the botto ;a of the flask. 
Section 4, High volte alterntltaa.purrent test sectuence. 
1. Ground capacitors A.C. secondary outlet, J-2. 
2. Plug in hood A.C. electrode leads, L-1. 
3. Place proper capacitors in circuit. 
4. Set selector suitch to A.C. 
5. Turn power-atat to preselected value, check power- 
stat output voltmeter. 
6. Clear hoods. 
7. Start stirring timers when directed. 
8. Turn on high voltage master switch. 
9. When stirring stops push A.C. discharge button 
momentarily. If no explosion, repeat 5 times. If 
explosion, clear flask. It none, either clean 
flask or continue stirring. 
10. To clean flask see Section 3. 
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Section 5, Steps to get direct Current Orea44own voltage. 
1. DANGER HIGH VOLTAM 
2. After hood operator has set an approximate spark 
gap and cleared hood, connect proper hood electrode 
leads, 
3. Turn powerstat to zero. 
4. Set selector switch to d.c. 
5. Turn on high voltage master switch. 
6. Increase powerstat voltage desired for breakdown 
as indicated on KV meter. 
7. The hood operator will adjust the gap, if neces- 
sary, until a spark passes about every second. 
Section 6, Procedure to gr94/4.capacitorz;. 
1. Turn off high voltage switch. 
2. Open D.C. capacitor discharge switch. 
3. Disconnect hood electrode leads, 
4, Plug ground jumper lead into D.C. secondary out- 
let jack. 
5. Close capacitor discharge switch. 
6. iihen KV meter to 0, open capacitor discharge 
switch. 
7. Plug ground jumper lead into A.C. secondary outlet 
jack. 
3. Disconnect ground lead. 
9. The capacitor panel is now safe. 
Section 7, Hood, operation sequence before test. 
1. Check for high voltage warning light. 
4/1. 
2. Check to see if reaction vessels and electrode 
assemblies are clean and dry. 
3. Place electrode assemblies on flask and tighten 
clamps, 
4. Attach pressure-vacuum line, seat tube firmly. 
5. Attach, align, and plug in stirring motor. 
6. Attach electrode leads. Ground (Black tip) to 
adjustable electrode. Hot (Red tip) to rigid 
electrode. 
7. Gap electrodes. 
A.C. - about one fourth inch, as mv,rked. 
D.C. - set for 7 IllrbrealKownw Oee Section 10) 
*e. 8 tion se ee uri tee 
Measure sample to be tested in as fifty al syringe, 
2. After measuring sample, place thcrImmiet4Tin 
sample bottle* 
3. Introduce sample. 
4. Reset and check stirrer alinellient rapidly. 
5. Tell panel operator toe tart stirrers. (THE 
EXPLOSION IF ANY, WILL OCCUR IN 30 il:CONDS). 
6. Dismantle syringe and place on fiberboard to dry; 
read temperature of sam :le. 
7. Close hood doors. 
0 , 
c). Tell panel operator you are clear, and give the 
sample temperature. 
Section 9. Hood, test operation sequence atter the tftto 
1. Do not open hood unless high voltage indicator 
light is off. 
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2. If the sample exploded, let the hood air for 
one minute. 
3. After the light is off open the hood and prop 
open the stirrer stopper. 
4. When panel operator is finished with the vacuum 
cycle loosen pressure-vacuum tube to allow flask 
to air. 
5. While flask is airing prepare next sample. 
Section 10, StepSlo set the direct current gap break- 
down voltage, 
1. Close electrodes completely. 
2. Open to about one eighth inch. 
3. Attach electrodes* 
4. Tell panel operator to check breakdown. 
5. Adjust electrodes by turning the adjusting screw 
on the electrode assembly until sparking stops- 
close electrode until a sparking starts, Lock 
the electrodes, Be especially careful and handle 
only the adjustment knobs, 
DISCUSS ON AND RESULTS 
A list of factors which can effect the explosive flamma- 
bility of grain fumigants containg 02 was given in the 
Introduction. An ap2aretue was constructed which could control 
the electrical parameters and a procedure was developed to 
minimise the effect of the factors created by environment, 
technique and procedure. 
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The effect of each of these factors upon a basic fmaigant 
formulation will be presented in the following paragraphs. 
This basic fumigant contained 78 percent chloroform and 22 
percent CS2 (by volume). The test parameters were: Temperature 
°Fahrenheit; Laboratory 75.80, Sample 68-73, Bath 32. Sample' 
volume: 50 ml.; stirring time 30 seconds. Electrical; DC. 
spark: 11 EV.1 gap breakdown: 7 KV. Capacitance: 0.2 MFd. 
These parameters were kept constant throughout all these tests 
except when a specific factor was being studied. 
The Effect of Altering the Electrical Parameters 
The source of ignition used in these tests was an electri- 
cal spark. The ability of a spark to ignite a fumigant vapor 
depencs upon the energy it possesses. With this fact in mind, 
an apparatus was designed which would generate a spark with a 
fairly constant energy. It is described in Materials and 
Methods, Electrical Apparatus, High Voltage. 
AC versus DC Sparks. A DC spark, produced by discharging 
a 0 2 MFd capacitor, charged to 11 across the electrode 
gap, was Much more capable of igniting a fumigant being tested 
than an AC spark generated by a momentary discharge of a 10KV 
transformer with a 0.01 MFd capacitor in parallel with the 
secondary. 
Voltace. Capacitor-and Spark Gap, The ability of a DC 
spark to ignite a fumigant vapor is dependent upon the energy 
the spark possesses, The energy of the spark produced by the 
apparatus described in this paper is dependent primarily 
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upon three thing*: its voltage, the capacitance in the circuit, 
and the electrode gap. 
Table 1 shows the effect of varying.the indicated voltage 
and the circuit capaeltanee, while maintaining a constant 
spark gap, upon the explosive flammability of a fumigant cam- 
TIosed of 7$ percent chloroform and 22 percent CS2 (by volume). 
From this table it is readily seen that.as the capacitance in 
the circuit is increased the voltage necessary to produce 
ignition is reduced. 
The effect of electrode gap upon the ability of a spark 
to ignite a specific formulation is demonstrated in table 2. 
It should be noted that an electrode bap of less than NM 
breakdown was too narrow to, allow ignition.. Once the gap 
was increased to 4KV breakdown or greater, a spark of less 
energy was capable of igniting the vapors. 
It is extremely difficult to properly study the effect 
of spark gap because of the problem encountered in setting 
a gap of less than 4ury breakdown Because of this, a gap 
setting of 7KV breakdown was adapted for the standard test 
procedure. 
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Table 1. The effects of varying the indicated voltage 
and circuit capacitors on the explosive 
flammability of a fumigant composition composed 
of 78 percent C4oroform and 22 percent 
GS2 (by volume).4. 
Voltage 
KV 
capacity 
Propagated Flame 
Results 
: Pressure 
6 0.4 NO NO 
7 0.4 YES YES 
7 0.3 NO VO 
7 0.3 YES YES 
8 0.3 NO NO 
10 0.2 NO NO 
11 0,2 YES YES 
1. Test Parameters. Temperatures O Fahrenheit, Laboratory 
75-80, Sample 68-73, Bath 32. Sample volume 50 ml. 
Stirring time 30 seconds. Electrical, DC. Spark KV- 
as indicated. Gap breakdown 3KV. Capacitance . as 
indiccAed, 
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Table 2. The effects of varying the spark voltage and 
gap breakdown voltage upon the explosive 
flammability of a fumigant composition composed, 
of 78 percent Chloroform and 22 percent CS2 
(by volume).1 
Spark Voltage 
KV 
Gap Breakdown 
Voltage -KV 
Results 
: Propagated : Pressure 
a Flame : Effect 
11.0 1 NO NO 
11.0 2 NO NO 
11.8 3 NO NO 
8.0 4 NO NO 
9.0 4 TES YES 
8.0 6 NO NO 
9.0 6 YES YES, 
7.0 2 7 NO NO 
8.0 7 YEZ, YES 
Temperature ° Fahrenheit; Labdratory 75.80, Sample 
68734 Bath 32. Sample volume 50 ml. Stirring time 
30 seconds. Electrical DC. Spark KV. as indicated. 
Gap breakdown - as indicated. Capacitance - 04.2MFd. 
,) 4.0 No spark. 
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The Effect of Environment, Technique and Procedure 
heiltPACE210122101411Elz The laboratory temperature can 
be an important factor in a test of this type. If no provisions 
are made to regulate the temperature of the fumigant samples 
being tested, their temperature will be controlled by the 
laboratory temperature. The effect of sample temperature is 
discussed next* 
Saniple Temperature. Table 3 illustrates the effect of 
varying the sample temperature upon the explosive flammability 
of a fumigant composed of 78 percent chloroform and 22 percent 
C82 (by volume) when tested at two bath temperatures. At a 
bath temperature of 32e Fahrenheit, the sample temperature did 
not effect the explosive flammability; however, at a bath 
of 00 Fahrenheit, the sample temperature had a considerable 
bearing upon the explosive flammability. 
path Temperature. The temperature of the bath in which 
the explosion vessel was immersed had a marked effect on the 
flammability of the fumigant tested. Table 4 shows how the 
explosive flammability of a fumigant consisting of 78 percent 
chloroform and 22 percent CS2 (by volume) was altered by test- 
ing it at different bath temperatures. From this data, it is 
apparent that the critical test temperature for testing a 
fumigant mixture containing CS2 was around 32° Fahrenheit. 
Sample Size. The amount of fumigant introduced into the 
explosion vessel can have a bearing upon the flammability of a 
fumigant. The effect of sample size upon the explosive 
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flammability of a fumigant composed of 78 percent chloroform 
and 22 percent CS2 (by volume) is shown in Table 5. 
Table 3. The effect of varying the sample temperature 
at the indicated bath temperature on the 
explosive flammability of a fumigant compound 
of 78 percent chloroform and 22 percent C52 
(by volume). 
Sample Temperature 
o Fahrenheit 
: Bath 
° Fahrenheit 
Results 
: Propagated : Pressure 
: Flame . Effects 
68 32 YES YES 
32 32 YES YES 
68 0 NO NO 
84 0 YES YES 
100 0 YES YES 
1. Test Parameters. Temperas ° Fahrenheit; Labora- 
tory 75-80, Sample - as indicated, Bath - as indicated, 
Sample volume 50 ml. Stirring time 30 seconds. 
Electrical, DC. Spark - Breckdown 7KV, 
Capacitance - 0.21(Fd. 
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Table 4. The effect of bath temperature on the 
explosive flaamability of a fOmigant comet . 
posed of 78 percent chloroform and 22 
percent CS2 (by volume). 
Bath Temperature 
° Fahrenheit 
Results 
Propagated name z Pressure Effect 
0 NO 
10 NO NO 
32 IBS INA 
50 ND 
75 NO 
1. Test Paramet8rs. 
Temperature Fahrenheit; Laboratory 75.80. Sample 
68, Bath - as Indicated. Sample volume SD al* 
Stirring time 30 seconds. Electrical, DC. spark 
11.0KV, Breakdown 7KV, Capacitances 0,2117d, 
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Under the conditions stated in the table, a sample of this 
formulation of greater than 15 ml must be used in order to 
explode the vapora. 
Table 5. The effect of the size of sample upon the 
explosive flammability of a fumigant 
composition oamposed of 78 percent chloroform 
and 22 percent CS2 (by volume.9. 
Size of Sample t 
ml s 
Results 
Propagated Flame : Pressure Effect 
10 MO ND 
15 BO NO 
20 M SD 
25 YES YES 
1. Test Parameters 
Temperatures o Fahrenheit; Laboratory 75.80, 
Sample 73. Bath 32. Sample volume.» as indicated. 
Stirring time - 30 seconds. 'Electrical, D. 
Spark - 11.0KV, Gap breakdown - 710r. Capacitance 
0.2F1Fd. 
Stirring Time The length of time that the air in the 
explosion vessel is stirred before the vapor is #parked appears 
to have little bearing upon the explosive flammability of a 
Damigant composed of 78 percent chloroform and 22 percent 082. 
The test parameters were: Temperature in 0 Fahrenheit; 
Laboratory 75, Sample 73.75, Bath 32. Electrical DC. Spark 
11.0 KY, Gap breakdown 71E1T. Capacitance 0.2KFd, Sample Volume 
50 ml. 
Samples were stirred ts 5, 10, 15. 20 minutes and all exploded. 
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Method of Introducing Sample. The manner in which the 
sample to be tested Is introduced into the explosion vessel 
can have a tremendous effect upon the samples explosive flaw- 
mobility. If the sample is introduced by squirting it down 
the aeration tube or by pouring it into the vessel through a 
funnel, the sample will not explode. If the sample is squirted 
down the side of the vessel from a 50 ml syringe, the sample 
will implode. A fumigant containing 78 percent chloroform 
and 22 percent CS2 was used in these tests under the following 
parameters: Temperature 0 Fahrenheit; Laboratory 75, Sample 
75, oath 32, Electrical-DC, Spark-11.0KT, Gap Breakdown -ACV, 
Capacitance-0.2/4Pd, Sample sIze45m., Stirring time -30. seconds, 
All of these factors which fall in the category of techique 
and procedure interact to effect the vapor pressure of the 
sample being tested. They can therefore, alter the ratio of 
flammable components to nonflammable components in the fumigant 
vapor in the flask, and in so doing, cause this vapor to be 
either flammable or nonflammable. 
Once the effect of`the two major groups of factors, 
electrical and procedural technique, was known, then a study 
of the explosive flammability of various fumigants could be 
undertaken with confidence. 
One such test undertaken was to study the percentage of 
C52 which chloroform and carbon tetrachloride would carry and 
not explode. Table 6 shows the effect of varying the concen- 
tration of CS2 and etiOaroform upon the explosive flammability 
under standard test conditions. Table 7 shows the effect of 
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varying the concentration of 082 and carbon tetrachloride upon 
the explosive flammability under standard test conditions* 
Chloroform will carry 16 percent by volume CS2 safely 
while carbon tetrachloride will carry 19 percent by volume* 
Table 6* The effect of varying concentrations of 
C82 and chloroform on the explosive 
flammability under standard test conditions.1 
,......rweerawigalworresommamml 
Percent Concentration by Volume 
Chloroform s Carbon Disulfide 
1.10111111.....1111001111 
Results 
: Propagated s Pressure 
s Flame s Effect 
&IV 16 MO NO 
83 17 YE No 
82 18 YES MO 
81 19 YES YES 
80 20 Us YES 
79 21 71S TES 
78 22 YES YES 
1, Test Parameters 
Temperatures 0 Fahrenheit; Laboratory 75-80, 
Sample 68-73, Bath 32. Sample volume 50 ml. 
Stirring time 30 seconds. Electrical DC. Spark 
11.0KV. Gap Breakdown 7KV. Capacitance 0,2 MFd. 
Table 7. The effect of varying concentration of 
CS2 and carbon tetrachloride upon the 
explosive flammatility under standard 
teLt conditions4,4 
Weglnivey 
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Results 
Percent Concentrations by volume s Propagated t Pressure 
Carbon Tetrachloride s Carbon Disulfide s Flame s Effect 
82 18 NO NO 
81 19 NO NO 
80 20 YES NO 
78 22 YES YES 
1. Temperature ° Fahrenheit; Laboratory 75-80, Sample 
68-73* Bath 32* Sample 'flume 50m1. Stirring time 
30 seconds. Electrical DC. Spark 11.0 KV. Gap. 
Breakdown UV, Capacitance 0,2 mid. 
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SUMMARY AND CONCLUSIONS 
The explosive flammability of a grain fumigant containing 
carbon disulfide, when tested with the apparatus and procedure 
described in this thesis, is governed by the interaction of 
numerous factors. The effects of a number of these factors 
on the explosive flammability of a fumigant formulation com- 
posed of 78 percent chloroform and 22 percent carbon disulfide 
have been evaluated. 
These factors include the following: 
I. Characteristics of the Explosion Apparatus, 
A. Type of apparatus used, AC versus DC. 
B. The voltage of the spark. 
C. The capacitance in the circuits 
D. The width of the spark gap. 
II. Environmental, Technique, and Procedure. 
A. Laboratory temperature* 
B. Sample temperature, 
C. Bath temperature 
D. Sc.mple size. 
E. Stirring time. 
F. Method of sample introduction. 
The first group of factors all effect the energy of the 
spark used as the source of ignition. The control and measurer 
merit of these factors is an essential element in developing a 
consistent and reproducible test. 
The second group of factors all have either direct or 
indirect effect upon the vapor pressure of the fumigant being 
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tested. Since the composition of the fumigant vapor is a 
function of vapor pressure, and since the explosive flammability 
of this vapor is being tested, it is essential that a standard 
test procedure be used to keep the effects of these factors 
constant. 
The apparatus and test procedure used to obtain the results 
presented in this paper provide adequate control for the above 
mentioned factors so as to permit fumigants containing CS2 as 
their principle flammable ingredient to be evaluated in a 
reproducible manner, The test parameters used were: Electrical 
DC, Spark 11.0KV# Gap breakdown 7 IV. Temperatures ° Fahrenheit; 
Laboratory 75 t 5# Sample 70't 5, Bath 32, Sample volume 50 ml, 
Stirring time 30 seconds. 
These parameters were arrived at after an evaluation of 
the results obtained while studying the effects of the previ- 
ously mentioned factors upon the explosive flammibIlity of 
grain fumigants. The conclusions reached regarding the effect 
of these factors are as follows: 
AC vs DC Sparks. Using the apparatus as described in this 
thesis, it was found that the DC spark was more effective in 
igniting the fumigant vapors being tested. 
The Voltage of the Spark, To make certain that the elec- 
trode gap would always breakdown, flausing a spark, when a 
potential was applied, the capacitor was charged to 11 KV. 
This value was sufficiently larger than the 7 KV gap breakdown 
voltage loss due to closing the capacitor discharge switch 
(200-700 volts), and to overcome the insulating effect of the 
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fumigant vapors which possessed greater dielectric properties 
than the dry air in which the electrode gap was set (1-1.5 KV) . 
he WO of the Spark Gap. As was mentioned in the 
previous conclusion on spark voltage, a 7 IV gap breakdown 
voltage was used to set the electrode gap. This value was 
significantly ,above the minimum gap which would permit ignition, 
as determined in this thesis. The reason for using a higher 
value was to insure that the energy of the spark would be more 
constant therefore improving the reproducibility of the 
apparatus. 
The Capacitance in the Circuit. A 0.2 microfarad eapecitor 
when charged to the above mentioned 11 KY produced a Lpark of 
stifficient energy to insure consistent results. 
Laboratory Temperature. A laboratory temoerature of 
750 ± 5° F was used since it was easily maintained and was close 
to the proper sample temperature. 
Sample Temperature. A sample temperature of 700 ± 5oF. 
was used since it produced uuiforit results at the bath temper... 
ature used (320F). If& colder bath temperature were used 
(00F) a sample temperature of 80° F should be used. 
Bath Temperature. A bath temperature of 32°F is the most 
stringent one used to test CS2 containing fumigants. 
Sample Size. A sam2le size of 50 ml offered assurance of 
testing the fumigant under the most stringent conditions. 
Stirring Time. Since a 30 second or greater Stirring time 
had little effect upon the explosive flammability of the 
fumigant tested, a time of 30 seconds was arrived at since 
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this was the minimum time in which a test could be properly 
conductel,. 
Method of Sample Introduction. The only method of intro- 
duction which produced consistant results was to use a 50 ml 
syringe and squirt the oample down the side of the flask. 
Through the use of the test parameters arrived at in 
these conclusions, a rapid and reproducible test method was 
developed. 
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Underwriters' Laboratories, Inc. 
&abject 340 July 20, 1955 
TEST METHODS FOR CARBON BIZULFIDE-CARBON 
TETRACHLORIDE BASE FUMIGANTS 
Underwriters' Laboratories, Inc.'s classification of the 
fire hazards of carbon bisulfide-carbon tetrachloride base 
fumigants is based on performance tests relating to their 
combustion characteristics, as discussed below. 
Where carbon bisulfide-carbon tetrachloride base mixtures 
containing relatipely low amounts of carbon bisulfide have no 
true flash point when tested in conventional apparatus, the 
flash point test does not furnish conclusive information relate.. 
ing to the fire hazards In order to evaluate the fire hazards 
of aas. products, including the temperature level at which they 
form 4...,)zble vapor-air mixtures, it is therefore necessary 
to conduct tests for the explosiveness of the va-Jor-air mixtures. 
Where a definite flash point (closed cup) is obtained, this 
generally establishes the hazard with respect to temperature 
level at which flammable vapor-air mixtures may be formed. 
To obtain additional information on combustion character- 
istics. ignition temperature tests, and tests of the fumigants 
in the presence of heated surfaces are illso conducted, but in 
the case of products which do not form flammable vapor-air 
mixtures the results of such tests are of less significance. 
FLASH POINT TEST: 
Flash point tests of carbon bisulfIde-carbon tetrachloride base ,ramigants are usually conducted in a closed tester of the 
Elliot type. The Tag closed teeter may also be employed. 
TESTS FOR EXPLOSIVENEiiS OF VAPQR-AIR MIXTURES: 
The explosion vessel used for determinations of the 
explosiveness of the vapors of the fumigant when mixed with 
air consists essentially of a spherical flask of Pyrex class 
having a nominal capacity of two liters. The spherical diameter of the vessel is 6-3/8 in. (16 cm). It is provided 
with a vertical neck, 1-7/8 in. (4.8 cm) in diameter and 2-7/8 in. (7.3 cm) in length, the outlet of this neck being 
closed by a stopper having an inlet for introduction of samples 
of,the fumigant in the liquid phase. A paddle-type stirrer, 
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1-5/8 by 2-1/4 in., for mixing vapors from the fumigant with 
air within the vessel, is located about 2-1/2 ins. above bottom, 
this atirrer being driven by' an external air motor with shaft 
passing through a tightly fitted sleeve in the stopper for the 
vessl.. The stirrer does not make direct contact with the 
unevaporated sample of the fumigant,. 
The explosion vessel, except for the upper part of the 
neck, is immersed in .a water bath maintained at a predetermined 
constant temperature. When working at temperatures below that 
of the laboratory, the explosion vessel is immersed in a mixture 
of brine and ice in suitable proportions to maintain the low 
temperature. 
The electrical discharge from a transformer rated 110 v, 
ac for the primary and 23 ma, 10,000 v for the secondary is 
used as a source of ignition for the vapor-air mixtures. A 
0.01-mu f capacitor is connected across the secondary of the 
transformer.1 Electrodes, connected to the secondary, terminate 
within the explosion vessel at its vertical axis, 1 in. above 
bottom. The air gap between these electrodes is 1/4 in. 
In conducting, tests of the explosiveness of the vapors of 
the fumigants, a measured sample of the prodUct in the liquid 
phase is introduced into the explosion vessel maintained at 
predetermined temperature, and the inlet to the vessel closed 
thereafter. The stirrer is operated.to obtain rapid mixing of 
the vapor evolved by the sample with the air in the test vessel. 
At intervals of 1/4 or 1/2, 3/4, 1, 2, 3, 5, 10, 15, and 20 
minutes after introduction of the sample* stirring is discon- 
tinued, and the electrical discharge from the transformer is 
passed momentarily across the air gap between the electrodes. 
Observations are made for flame propagation, with pressure 
effects. in the vapor-air mixture during apUication of this 
source of ignition. 
Beeause of the difference in the.relative volatility of 
carbon bisulfide and carbon tetrachloride, the vapors from the 
partially evaporated fumigant may be more hazardous, particu- 
larly when the liquid is at somewhat below ordinary room 
temperature. Tests are therefore conducted with the explosion 
vessel at ordinary room temperatures and at temperatures down 
to -15°C ( 5°0), 5.0°F ( 9°F). The measured samples of the 
liquid product introduced into the INvsel range up to about 
50 ml. Stirring of the vapo -air mixture in the explosion 
vessel, with intermittent application of the source of ignition 
1. Transformer, Cat. No. 63871, manufactured by the 
Jefferson Electric Co., Bellwood, and capacitor, Cat. 
No. ALX-100-0.01, manufactured by the Solar Manufacturing 
Corp., Paterson, N. J., or their equivalent. 
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(transformer discharge), is continued for a duration of at 
least 20 minutes, unless com?lete evaooration of the sample 
occurs in a shorter time with the smaller samples, When 
definite flame propagation, with pressure effects* occurs 
during the tests, it is not considered necessary to complete 
the full series of tests over the range with respect to volume 
of sample and initial temperature of the explosion vessel. 
Following each test the unevaporated sample, if any, is 
ramowed from the explosion vessel, and the vessel purged of 
residual gases and vapors in preparation for the next test. 
It will be noted that the ratio of the sample to the 
volume of the explosion vessel in these teats extends beyond 
the .proportions used for fumigation in practice, and provides 
a margin of safety. Our tests indicate that the hazards of 
these fumigants are not increased by selective absorption when 
in contact with grains 
IGNITION 4TaValATURE UM; 
The apparatus consists essentially of a combustion chamber 
of glass surrounded by a molten alloy bath heated by a special 
electric furnace having low resistance rod-type heating elements 
and thermostatic control. The alloy bath may also be heated 
by a gas burner. The temperature of the bath is measured by a 
calibrated thermocouple with a quartz tube for protection of 
the hot junctions 
The combustion chamber is a flask of conical form with 
flat bottom, 11,4 cm in height, 6.0 cm in diameter at bottom* 
and 2.8 cm in diameter at top. It is about 160-m1 capacity 
(rated capacity 125 ml) having a ratio of surface area to 
volume of about 1.1. 
In conducting the test, measured samples of the fumigant 
in the liquid phase are introduced into the heated combustion 
chamber by a micropipette or graduated hypodermic syringe. 
Different amounts of the product are admitted to the chamber in 
successive trials at progressively lower temperatures, in order 
to determine the minimum temperature at which the va7ors, in 
proportion with air, will ignite without appliction of a 
spark or flame, After each trial, the combustion chamber is 
purged of residual gases and vapors by means of a slow stream 
of air. 
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TESTS OF J3ZHAVIOR IN THE PRESENCE OF A HEAT bURFAQ,Es 
The apparatus consists of a steel-surfaced electrically. 
heated hot plate, 7 in, in diameter, The temperature of the 
horizontal steel surface, in the teat area at the center of 
the plate, is measured by an, ironimoonstantan thermocouple 
(No. 30 Awg wire), the hot junction of this thermocouple being 
peened into a bottomed hole in the steel, The temperature of 
the steel surface is oontrolled by adjusting the electrical 
input to the hot plate by means of a variable transformer* 
In conducting the tests, various amounts, of the fumigant 
are applied to the steel surface heated to a predetermined 
temperature, Observations are made as to ti-e combustion of 
the vapors and the extent of the flame prepagz.tion, if any, 
beyond the vicinity of the heated surface, Different amounts 
of the fumigant are applied to the heated steel surface in 
successive trials at progressively lower temperatures. to 
determine the minimum temperature at which the vapors undergo 
oombustion (indicated by oharacteristie pale violet 
-colored 
flames or glowing), 
SPECIFIC GRAVITY AND DISTILLATION TESTS: 
To obtain information on the general nature of the products, 
specific gravity and distillation tests are also eamductedo 
but no attempt is made to verify the complete statement of 
composition furnished by the manufacturer, or appec.ring on 
containers for the products. 
CLASSIFICATION OF FIFE HAZARD: 
The classification of the fire hazards of carbon bisulfide- 
carbon tetrachloride base fumigants is determined by the per- 
formance of these products in the tests relating to combustion 
characteristics described in the foregoing, The fire hazards 
are rated in accordance bith Underwriters Laboratories, Inv.'s 
Standard of Classification of the Hazards of Liquids in which 
Ether rates 100 
Gasoline rates 90-100 
Alcohol (ethyl) rates 60-70 
Kerosene (100 F flasql rates 30-40 
Paraffin oil rates 10-20 
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Listed carbon bisulfide-carbon tetrachloride base fumigants 
rated in respect to fire hazard I to 5, in a class leas 
hazardous than paraffin oil, may show localized burning of 
vapors in the vicinity of the test flame in Flash Point Tests, 
but are required to show no true flash point* It is required 
that the vapors of these products show no propagation of flame, 
in the presence of the source of ignition. when mixed with air 
at initial temperatures as low as -15°C (± 5°C), 5°F (t9°F), 
in Tests for Exploiveness of Vapor-Air Mixtures. The vapors 
mixed with air.may ignite weakly at the bOttom of the combustion 
chamber at temperatures not lower than 125°C (257°F) in ignition 
Temperature Tests, but it is required that there be no propaga- 
tion of flame throughout the mixture. then applied to a steel 
surface heated to 150°C (302°F), or higher, in Tests of Behavior 
in the Presence of a Heated Wrface, the products upon evap- 
oration may undergo very weak combustion, but it is required 
that the pale violet-colored flames show no tendency to travel 
beyond the vicinity of the heated surface. 
Carbon bisulfide-carbon tetrachloride base fuoigants which 
do not comply with the above requirements may have definite 
explosion hazards which are reflected in a fire hazard classi- 
fication rating considerably greater than I to 5. It appez:.rs 
that listing of these more hazardous fumigants by the 
Laboratories will generally be of little advantage to manu- 
facturers or other interested parties. 
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The explosive flammability of a grain fumigant containing 
carbon disulfide, when tested with the apparatus and procedure 
described in this thesis, is governed by the interaction of 
numerous factors. The effects of a number of these factors on 
the explosive flammability of a fumigant formulation composed 
of 78 percent chloroform and 22 percent carbon disulfide have 
been evaluated. 
These factors include the following: 
T. Characteristics of the Explosion Apparatus. 
A. Type of apparatus used, AC versus DC. 
B. The voltage of the spark. 
C. The capacitance in the circuit. 
D. The width of the spark. gap. 
II. Environmental, Tecbaique, and Procedure* 
A. Laboratory temperature* 
B. Sample temperature* 
C. Bath temperature. 
D. Sample size 
E. Stirring time. 
F. Method of sample introduction. 
The first group of factors all effect the energy of the 
spark used as the source of ignition* The control and measure- 
ment of these factors is an essential element in developing a 
consistent and reproducible test. 
The second group of factors all have either direct or 
indirect effect upon the vapor pressure of the fumigant being 
tested. Since the composition of the fumigant vapor is a 
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function of vapor pressure, and since the explosive flammability 
of this vapor is being tested, it is essertial that a standard 
test procedure be used to keep the effects of these factors 
constant. 
The apparatus and test procedure used to obtain the results 
presented in this paper provide adequate control for the above 
mentioned factors so as to permit fumigants containing CS2 as 
their principle flammable ingredient to be evaluated in a 
reproducible manner. The test parameters used were: Electrical 
DC, Spark 11.0KV, Gap breakdown 7 KV. Temperatures ° Fahrenheit; 
Laboratory 75°"! 5: Sample tel.' 5: Bath 32°. Sample volume 50 ml. 
Stirring time 30 seconds. 
These parameters were arrived at after an evaluation of the 
results obtained while studying the effects of the previously 
mentioned factors upon the explosive flammibility of grain 
fumigants. The conclusions reached regarding the effect of these 
factors are as follows: 
AC vs DC 4Parks. Using the apparatus as described in this 
thesis, was found that the DC spark was more effective in ign- 
iting the fumigant vapors being tested. 
The Volta Es of the Spark. To make certain that the 
electrode gap would always breakdown, causing a spark, when a 
potential was applied...the capacitor was charged to 11 KV. This 
value was sufficiently larger than the 7 KV Gap breakdown voltage. 
The reason for this difference was to overcome the voltage loss 
due to closing the capacitor discharge switch.(200-790 volts), 
and to overcome the insulating effect of the fumigant vapors 
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which possessed greater dielectric properties than the dry air 
in which the electrode gap was set (1-146 my). 
The Width of the Spark Gap. As was mentioned in the 
previous conclusion on spark voltage, a 7 XV gap breakdown 
voltage was used to set the electrode gap. This value was 
significantly above the minimum gap which would permit ignition, 
as determined in this thesis* The reason for using a higher 
value was to insure that the energy of the spark would be more 
constant therefore improving the reproducibility of the apparatus. 
The caReeitance in the Circuit. A 0.2 microfarad capacitor 
when charged to the above mentioned ll kV produced a spark of 
sufficient energy to insure consistant results, 
Laboratory Temperature.. A laboratory temperature of 
750 t 5°F was used since it was easily maintained and was 
close to the proper sample temperature. 
Sample Temperature. A sample temperature of 700± 5°F 
was used since it produced uniform results at the bath tempera. 
ture used (320F). If a colder bath temperature were used (0°F) 
a sample temperature of 80° F should be used. 
Bath Temperature. A bath temperature of 320F is the most 
stringent one used to test CS2 containing fumigants* 
Sample Size* A sample size of 50 ml offered assurance of 
testing the fumigant under the most stringent conditions. 
Stirring Time. Since a 30 second or greater stirring time 
had little effect upon the explosive flammability of the 
fumigzit tested, a time of 30 seconds was arrived at since 
this was.the minimum time in which a test could be properly 
conducted. 
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Method of Sample Introduction. The only method of 
introduction which produced consistant results was to use a 
50 ml syringe and squirt the sample down the side of the 
flask. 
Through the use of the test parameters arrived at in these 
conclusions, a rapid and reproducible test method was developed. 
